Abstract. Urea was treated with different levels of formaldehyde (HCHO). The HCHO percentages, on a weight basis, were 0 (F 0), 0.25 (F 0 .25) 
Introduction
Since the studies of HART et al. (1939) , urea has been used in the diets of ruminants. Problems have been caused by the very rapid degradation of urea to ammonia in the rumen. Hydrolysis is often too rapid compared with the capacity of the rumen microbes to utilize ammonia (BLOOMFIELD et al. 1960) . This means that ammonia is absorbed through the rumen wall into the blood stream (LEWIS 1957) , and levels higher than one percent of NH 3 -N in the blood cause a risk of ammonia toxification (CHALUPA 1968) .
The energy source is a very important factor, when ammonia utilization is considered (MOLLER 1973 , JOHNSON 1976 . Besides using an appropriate energy source, it is necessary to maintain coupled fermentation, a balance between ammonia and energy release (McMENIMAN et al. 1976 ). This balance could be achieved by lowering the rate of urea hydrolysis. Both urease inhibitors (MAHADEVAN et al. 1976) and slow-release urea products such as urea-formaldehyde complexes (MILLIGAN et al. 1969 , HUSTON et al. 1974 , KULASEK et al. 1975 have been used. In practical feedings, however, it seems easier to use slow-release urea than inhibitors.
In this experiment the effect of formaldehyde treatments on urea utilization was studied. A (1963) , but restricted to incubation in strained rumen fluid and buffer solution (McDOUGALL 1948) .
Rumen fluid was collected from rumen-fistulated sheep. Their diet consisted of a mixture of barley and molassed beet pulp (1:1), and NaOHtreated wheat straw, both given at the rate of 0.5 kg/animal/day. Rumen contents were taken from different parts of the rumen in a warmed (+39°C) insulated flask before the morning feeding. The contents were squeezed through four layers of cheese-cloth and the fluid was collected directly in a flask held in a water bath (+39°C), and gassed with C0 2 . Warmed (+39°C) buffer solution was then added to the flask and the mixture of rumen fluid and buffer solution (1:1) was gassed with C0 2 until the pH of the mixture was 6.9.
The experimental substrate (not urea) was weighed into fermentors 16-20 hours before the start of incubation and kept in +39°C. The fermentors were glass tubes (100 ml) fitted with rubber stoppers with gas release valves.
The incubation time was 5 hours and it started after the rumen fluidbuffer had been added the fermentors. After its addition the tubes were gassed with C0 2 for about 5 sec. and transferred to an incubator (+39°C). During incubation the pH of the fermentors was followed carefully and kept within the range 6.6-6.9 with warmed 2N Na 2 C0 3 .
The incubation substrate was 0.75 grams of NaOH-treated wheat straw, 0.75 grams of the concentrate mixture given to the donor animals and 0.020 grams of urea. Before incubation the straw and the mixture were vacuumdried (+6O°C) and milled with a 1-mm screen. The urea was treated with the following percentages of HCHO, on a weight basis: 0(F 0), 0.25 (F o 2s) In the F O, Fi.q, F 3 0 and F 5 0 treatments the concentration of VFA was determined on the supernatants obtained from the rumen fluid before incubation and from the fermentor contents after incubation. The determination was made by gas-liquid chromatography (HUIDA 1973) .
Statistical analyses
The results were processed with a MONROE 1860 computer using its statistical programs. The differences between treatments means were tested by the Tukey test (STEEL and TORRIE 1960) .
Results
Formaldehyde treatment decreased the dry matter content of urea (Table  1) , but had no effect on its nitrogen content. The crude protein (N X 6.25) content of the substrate dry matter was calculated as about 13.2 % with urea and about 8.9 % without.
The ammonia concentration in the fermentor contents was highest 2 hours after the start of incubation (Fig. 1) . When less than 3 % HCHO was used, the concentration decreased towards the end of incubation. The ammonia levels in the contents of fermentors after 2 hours' incubation showed a significant negative correlation (r = -0.976***) with the HCHO treatment levels (Fig. 2) . The proportion of untreated urea hydrol- The ammonia level in the fermentor contents cannot have been a factor limiting microbial protein synthesis. The levels were higher than the suggested requirements for maximal protein synthesis (SATTER and SETTER 1974 , NIKOLIC et al. 1975 , SETTER et al. 1979 . It, therefore appears that the energy available for microbes (JOHNSONI976, McMENIMAN et al. 1976) was the most important factor in the present conditions.
The rate of energy release achieved when urea was treated with 1.5-3.0 % HCHO evidently gave the optimum ammonia/energy ratio for protein synthesis.
After treatment levels lower than 1.5 % HCHO, the ammonia/energy ratio was too high. At higher treatment levels there was less ammonia, but, judging from the lower fermentation of organic matter (SETÄLÄ 1981 a), also less available energy and the yield of microbial protein was poor. The relatively high yield of protein obtained with F 3 0 urea was also probably partly due to a higher proportion of bacteria in the microbiota of the fermentor contents (MERCER et al. 1980) .
Changes in the yield of total VFA and in the fermentation pattern at the treatment level of 5 % HCHO may partly be explained by the death of protozoa. In qualitative studies with a microscope it was noted that there were fewer protozoa in the F 3 0 incubations and that they were totally absent after incubation with F 5O urea (see also BIRD and LENG 1978) . HEMPEL-ZAWITKOWSKA and KULASEK (1974) suggested that formaldehyde could affect the protozoa population at as low a level as 3 % HCHO. THORNTON et al. (1977) suggested that although formaldehyde might not affect the number of microbes, it could decrease their activity at levels of 0.2-0.5 % in the diet.
The low protein synthesis with F lO urea was rather unexpected, because the amount of fermented organic matter was highest when this urea was used.
Since the ammonia release from F lO urea was also high, it is possible that the reaction between urea and HCHO was not properly balanced. This may also apply to the F 0 .25 and F SO urea. According to KRALOVEC and MORGAN (1954) , the ratio of urea to HCHO has an important influence on the character of the complex.
The values obtained for microbial protein synthesis agreed with those cited in the review by STERN and HOOVER (1979) . It should be pointed out that our values represent mainly bacterial protein, because the protozoa were separated with feed particles by centrifugation (WARNER 1966) . Nor can the possibility be excluded that feed particles and soluble feed protein were left in the supernatant from which the microbial protein was extracted by precipitation. The separation of microbial protein from feed protein is difficult and the other methods also have their shortcomings (see SETÄLÄ 1981 a) . According to microscopic studies, contamination by feed particles in the supernatant must have been small. HILLER and Van SLYKE (1922) showed that tungstate precipitated peptides besides protein. CZERKAWSKI (1978) therefore suggested that when protein is determined as the nitrogen precipitated, the results should be multiplied by 0.7 to obtain microbial protein synthesis on normal diets. This correction was made in the calculation of our results.
